Urinary 1-hydroxypyrene (1-OHP) has been suggested as an exposure biomarker for polycyclic aromatic hydrocarbons (PAHs). However, it remains unknown whether a first morning urine sample can be used to reflect average exposure. In this paper, we examine intra-individual differences and interindividual associations between first morning voids and 24-h composite urine samples. The analysis was performed using data collected from 100 adults who had a wide range of PAH exposure due to differences in their occupation, e.g., coke oven workers vs. non-coke oven workers. For each subject, all the urine voids within each of two 24-h measurement periods were collected. Results showed a significant (40% to 62%) intra-individual difference between first morning voids and 24-h urinary 1-OHP concentrations (in ng/ml urine). Creatinine adjustments of 1-OHP concentrations (in mmol/mol urinary creatinine) reduced the intra-individual difference by approximately 10%. Across all the subjects, a high overall correlation (r ¼ 0.76) was observed between first morning and 24-h average 1-OHP concentrations. Work environment and sampling season were found to significantly affect the relationship between first morning and 24-h 1-OHP concentrations. An increase of 1 ng/ml of first morning urinary 1-OHP predicted an increase of 0.5 and 0.25 ng/ml of 24-h urinary 1-OHP for coke oven workers and non-coke oven workers, respectively. Data collected in a winter season showed a higher correlation between first morning and 24-h concentrations than data collected in a fall season. Creatinine adjustments did not significantly improve overall correlations between first morning void and 24-h measurements, but increased total variances for 24-h urines explained by first morning urines in coke workers.
Introduction
Polycyclic aromatic hydrocarbons (PAHs) are present ubiquitously in the environment. Due to their adverse health effects, including carcinogenicity, it is important to assess PAH exposures in both occupational and environmental settings. The use of biomarkers, especially noninvasive biomarkers such as urinary metabolites, can be effective means of exposure assessment. Among various potential urinary biomarkers, 1-hydroxypyrene (1-OHP), a metabolite of pyrene, has been considered an appropriate biomarker for exposures to PAH (Keimig et al., 1983; Jongeneelen, 1994 Jongeneelen, , 2001 Angerer et al., 1997; Serdar et al., 2003) . Previous studies indicated that pyrene was rapidly distributed, metabolized, and eliminated from the body, and 1-OHP in urine represented a constant fraction (2%) of total pyrene intake in urine and feces (Bouchard et al., 1998) . The half-life of urinary 1-OHP excretion ranges from 4 to 35 h (Jongeneelen et al., 1990; Boogaard and van Sittert, 1994) and the excretion declines to near baseline concentrations within 48 h following an exposure event (Buckley and Lioy, 1992) . Thus, urinary 1-OHP may be used to assess individuals' recent PAH exposure. In addition, the potential exists that chronic exposure to PAHs (e.g., via meat consumption, smoke inhalation) may be deposited in adipose tissues without being metabolized immediately and may allow for a low-level, steady-state excretion (Somogyi and Beck, 1993; Madhavan and Naidu, 1995) .
In studies investigating PAH exposures in occupational or environmental settings, both 24-h and spot (often first morning) void urine samples have been used to measure daily urinary 1-OHP concentrations. In theory, data from 24-h composite urine samples may represent daily PAH exposure more reliably than data derived from spot urine samples. However, compliance of 24-h urine collection may be difficult to obtain due to forgetfulness, inconvenience, misplacement of samples, lack of container capacity, contamination during the storage, or loss of urine (Garde et al., 2004) . In contrast, collecting spot urine samples is substantially more convenient. Hence, a number of studies have used first morning urine samples to estimate occupational and environmental exposures to PAHs (Bouchard et al., 2001; Fiala et al., 2001) . In previous studies concerning occupational exposure, spot urine samples were collected to examine differences between before and after a work shift (Wu et al., 1998; Kim et al., 2005; Unwin et al., 2006) . First morning urine samples were often used to assess PAH exposures in environmental settings (Motykiewicz et al., 1998; Chuang et al., 1999; Mucha et al., 2006) . However, it still remains unknown as to how well the first morning urinary 1-OHP concentrations can reflect the daily average 1-OHP concentrations.
Concentrations of 1-OHP in both first morning and 24-h composite urine samples may also be influenced by a number of factors including urine output rate or dilution (Hinwood et al., 2002) . Since there can be large variations in urine volume output rate both across individuals and within a given individual during a day, various adjustment techniques for urinary 1-OHP concentrations have been proposed to account for the dilution factors and to obtain more reliable estimates of exposure to PAH (Viau et al., 2004) . Among those, creatinine adjustment has been commonly used to correct urine dilution by dividing 1-OHP concentrations by urinary creatinine concentrations using similar concentration units. Creatinine excretion, however, also varies with many factors such as intake of meat, diurnal variation, age, gender, and other factors (Boeninger et al., 1993; Barr et al., 2005) . The creatinine adjustment method, therefore, is still controversial as to whether it actually reduces the measurement variability due to urine dilution.
In this paper, we examine intra-individual differences and inter-individual associations between the first morning and 24-h urinary 1-OHP concentrations in 100 subjects who had a wide range of PAH exposure due to different occupations (coke oven workers vs. non-coke oven workers). Seasonal effect is investigated on intra and inter-individual associations between the first morning and 24-h urine voids. We also examine whether creatinine adjustment can reduce the interand/or intra-individual differences between the first morning urine and 24-h composite urine measurements.
Methods

Study Participants
Data used for the present analysis were collected as part of a larger exposure biomarker study conducted in An-Shan, China, where a coke plant was built in 1918 and had 17 coke ovens and more than 5000 employees. High levels of PAHs, regularly monitored as benzo [a] pyrene (BaP) in the air, have been found with varying concentrations at different locations of the plant. Typical BaP air levels ranged from 9 to 154 mg/m 3 based on historical data. Over 1000 workers have been exposed to coke-oven emissions while working at the top, the middle, and the bottom of the oven (Pan et al., 1998) . During 2002 to 2003, 50 non-smoking coke oven workers at various job sites from this factory were recruited to participate in the exposure biomarker study. Another 50 non-smoking adults were recruited through advertisement in several community activity centers. These 50 subjects were urban residents who were not directly exposed to coke emissions. Subjects at each group were not matched by age and sex but within the defined age range for both coke-oven workers and non-workers (see below).
All potential subjects were interviewed to ascertain their eligibility for the study, and each of them was administered a screening questionnaire. The exclusion criteria include the following: younger than 20 years or older than 55 years, having routine dermal contact with engine oil or chimney soot, having been a smoker during the past 12 months, being pregnant, having conditions, or physical disabilities that prevented them from wearing a personal sampler weighing B2 kg. Those who met the recruitment criteria were thoroughly explained the study protocol and any potential risk of participation, and were allowed to ask and have answered any questions they might have before they signed informed consent documents. Institutional Review Board (IRB) approval was obtained before the commencement of the subject recruitment and renewed approval was maintained throughout the entire course of the study including the data analysis phase. All subjects who participated in the study provided written, informed consent. Table 1 summarizes the demographic characteristics of the study participants by occupational group (coke workers vs. noncoke workers). There were no statistical significant age difference between coke-oven workers and non-coke workers (P ¼ 0.498). The subjects ranged in age from 23 to 51 years of age and the average age was 36. The coke workers were heavier and taller than the non-coke workers (Po0.001). The mean body mass index (BMI) for the coke workers was higher than that for the non-coke workers (Po0.001).
Sample Collection and Analysis
The urine collection and measurement protocol consisted of two sets of repeated measurements for each subject. Each set of the measurements included (1) 1-OHP concentrations in the first morning urine and (2) 1-OHP concentrations in a 24-h composite urine. This protocol required subjects to work as usual during a 24-h sampling period. Each participant was asked to collect all urine voids (with entire volume) within the 24-h monitoring period until the next morning void using opaque plastic bottles provided along with a container (cooler with dry ice).
In the laboratory, the first morning urine bottle was separated from the bottles containing all the other urine voids. Except the first morning urine, all of the remaining urine samples were mixed to obtain a 24-h composite urine sample. When a participant worked a night shift, a worker's first morning urine was actually collected in the late morning or early afternoon, but it was still the first urine void after they awakened. Each subject's urinary 1-OHP was measured in a winter and in a summer/fall to maximize the representation of everyday exposure and to determine if seasonal variation existed.
All urine samples were stored at À201C and protected from light in 500-ml amber glass containers to prevent decomposition of hydroxyl metabolites of PAHs. For sample analysis, stored samples were slowly thawed and mixed in the laboratory. A small aliquot (B1 ml) was used for creatinine measurements using a standard assay kit (Sigma Chemicals, St Louis, MO, USA). Briefly, the thawed urine samples were diluted approximately 40-fold with water. The 0.5 ml of diluted urine samples were transferred into 5-ml cuvette. A 3-ml volume of alkaline picrate solution (Sigma-Aldrich; picric acid, approximately 0.6%, sodium borate and surfactant) was added to each cuvette. Each cuvette was covered with a lid, mixed well, and allowed to sit for 10 to 12 min. The cuvettes were inserted into the autosampler of the spectrophotometer (Genesys 10; Thermo Fisher Scientific Inc., Waltham, MA, USA) set at 500 nm of wavelength. The absorbance of the sample was recorded and the concentrations were calculated using standard calibration curves. As expected, the creatinine concentrations in the first morning urine samples in each group were higher than 24-h urine samples. For coke workers, median of creatinine concentration was 103 mg/dl and 93.3 mg/dl for first morning urines and 24-h urine samples, respectively. For non-coke workers, median of creatinine concentration was 100 mg/dl for first morning urine and 93.3 mg/dl for 24-h urine samples. The comparison between the morning urines and 24-h voids was not statistically different for coke workers (P ¼ 0.07) and for non-coke workers (P ¼ 0.08), respectively. In addition, no significant differences in urinary creatinine concentrations were found between the two occupational groups in either the first morning urine samples (P ¼ 0.36) or the 24-h urine samples (P ¼ 0.74) ( Table 1) .
Another 10 ml aliquot of urine sample was collected from the urine sample for the preparation of urinary hydroxylated PAHs. Then the urine was adjusted to a pH ¼ 5 with 1 N hydrochloric acid and 0.1 M acetate buffer (pH ¼ 5) was added to a final volume of 30 ml. This mixture was incubated overnight (16 h) with 20 ml of glucuronidase-arylsulfatase (114,400 b-glucuronidase units per ml and 3290 sulfatase units per ml; Sigma-Aldrich Co.) at 371C in an electronically controlled rotary shaking bath. After the enzymatic hydrolysis, a sample enrichment and purification cartridge, packed with C 18 reversed-phase liquid chromatographic material (Sep-Pak C 18 cartridge; Waters) was used for sample extraction. The cartridge was first primed with 5 ml of methanol followed by 10 ml distilled water. The treated urine was filtered and passed through the cartridge at a flow rate of 1 ml/min. After the cartridge was washed with 3 ml distilled water and 3 ml of 50% methanol in water, the final elution was performed with 10 ml methanol. The eluent was further concentrated by evaporating the methanol solution down to 1 ml, and the vials were wrapped with aluminum foil and stored in a freezer at À71C or lower. Sample analysis was preformed using an HPCL-fluorescence technique as described below. A Waters HPLC system (600E) and a Waters 470 fluorescence detector with a LC-18 Supelco Sil 250 Â 4.6-mm column (Supelco, Bellefonte, PA, USA) were used in the analysis. The HPLC analysis was performed in 25 min using a mixture of methanol and water (71%:29% by volume) as the mobile phase. Excitation and emission wavelengths for the fluorescence detector were 242 and 388 nm, respectively. The method detection limit of 1-OHP was 0.02 ng/ml. Extraction recovery of urinary 1-OHP was 74.1%. Repeated analyses of same samples showed an average relative standard deviation (RSD) of 8.3%.
Statistical Analysis
The effects of work environment, seasonal variation on the association between the first morning and 24-h urinary 1-OHP concentrations were examined. Work environment was stratified as coke factory and non-coke factory. The sampling periods were used to study potential seasonal variation. The sampling periods were winter (December 2002) and summer/fall (August to October 2003). Creatinine difference between non-coke workers and coke workers were tested using Wilcoxon-Mann-Whitney tests.
b
For each subject, two repeated measurements were used to calculate the overall mean. Geometric means (GMs) and geometric standard deviations (GSDs) were calculated for creatinine concentrations. c Creatinine difference between first morning and 24-h urine in non-coke workers and coke workers were tested using Wilcoxon singed rank test.
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Normality tests for 1-OHP concentrations in both the first morning urines and 24-h composite urines were performed using the Shapiro-Wilk test. Descriptive statistics were performed to calculate geometric means (GMs) and 95% confidence intervals (CI) for urinary 1-OHP concentrations, because the concentration data did not follow a normal distribution. We defined intra-individual difference of 1-OHP concentrations in urine as the difference between the first morning and 24-h urine measurement for each subject within a day. Whether the intra-individual difference was significantly different from zero was tested using a Wilcoxon signed rank test. We also calculated the RSD between the first morning urinary 1-OHP concentrations and 24-h urinary 1-OHP concentrations among individuals.
Spearman rank correlation coefficients were used to determine the strength of the association between the first morning and 24-h urinary 1-OHP concentrations. A linear regression model was used to determine whether the first morning urinary 1-OHP concentrations could predict 24-h urinary 1-OHP concentrations. Both the first morning and 24-h urinary 1-OHP concentrations were log-transformed to improve the variance because the data were not normally distributed. In the initial model, the dependent variable was log-transformed 24-h urinary 1-OHP concentration; the independent variable was first morning urinary 1-OHP concentration. Analyses were preformed separately by work environment due to unequal variances for coke workers and non-workers. Sampling period (season) and sex were used as independent variable and interaction term was included in regression model. Age and BMI were used as covariates in the regression model. For example, the linear regression model investigating the effect of season on the association between log-transformed 24-h urinary 1-OHP concentrations and log-transformed first morning urinary 1-OHP concentrations was the following:
The level of statistical significance for all analyses was determined at a ¼ 0.05. We also constructed linear regression models with original data. The log-transformed model results were compared with the results using non log-transformed original data. We reported results using original data because there were no differences for estimation of regression coefficients and variance explanation (r 2 ) compared with the results from the log-transformed analysis.
Results
Summary of the Data
One hundred pairs of the first morning urine and 24-h urine voids were collected during each sampling season. All values were included in the analysis of data distribution. Urinary Table 2 . Weighted quantiles (95% confidence intervals) of urinary 1-OHP concentrations for the study participants (2002) (2003) . 1-OHP concentrations for both sample collection type are summarized in Table 2 . The data distributions were positively skewed. The medians of the first morning urinary 1-OHP concentrations and 24-h urinary 1-OHP concentrations were 0.85 and 0.77 ng/ml, respectively. The medians of first morning urinary 1-OHP concentrations were always higher than 24-h urinary 1-OHP concentrations regardless of work environment and sampling periods.
We also used creatinine data to check the validity of the first morning urine samples. According to the WHO guidelines for urine sampling in occupational monitoring, if a spot urine sample has creatinine concentration 4300 mg/dl or o30 mg/dl it should be considered invalid or to be resampled (WHO, 1996) . Seven first morning urine samples were out of this range and thus excluded from data analysis. These excluded samples included four from the non-coke workers (all o30 mg/dl) and three from the coke workers (all 4300 mg/dl). The fraction of invalid urine samples in total samples was 3.5%. Table 3 summarizes results from a comparison between the first morning and 24-h urinary 1-OHP concentrations. Significant intra-individual differences were found at the individual level using the pooled data from all the subjects (P ¼ 0.008). The median difference between paired 1-OHP concentrations was 0.76 ng/ml and the first morning urinary 1-OHP concentrations were 51% higher than 24-h urinary 1-OHP concentrations. Among 193 paired data, 126 (65%) had higher 1-OHP concentrations (ng/ml) in the first morning urine voids than the 24-h composite urine samples. Stratified analyses indicated a significant intra-individual difference by work environments. In the coke workers, intraindividual difference in median urinary 1-OHP concentration was also significant (median difference ¼ 1.56 ng/ml or 48%, Po0.001), with 64 out of 97 paired samples (66%), had higher first morning urinary 1-OHP concentrations than 24-h urinary 1-OHP concentrations. In the non-coke workers, the median difference of 1-OHP concentration between two sample types was À0.04 ng/ml and the first morning urinary 1-OHP concentration was 54% higher than 24-h urinary 1-OHP concentration. Sixty-two out of 96 paired samples (65%) had higher 1-OHP concentrations in the first morning urine voids than 24-h urine samples. A seasonal effect was observed for the intra-individual difference between the first morning and 24-h urinary 1-OHP concentrations. The samples collected in the winter did not show statistically significant intra-individual difference between the sample types, although the first morning urinary 1-OHP concentrations were higher than paired 24-h urinary 1-OHP concentrations (median ¼ 0.92 ng/ml or 40%). For the summer/ fall season, first morning urinary 1-OHP concentrations were higher than 24-h urinary 1-OHP concentrations (median ¼ 0.60 ng/ml or 62%).
Comparison of Urinary 1-OHP Concentration
Results showed that creatinine adjustment reduced the intra-individual difference from 51% to 42% for the pooled data (all subjects), although the difference remained statistically significant between creatinine-adjusted first morning and 24-h urinary 1-OHP concentrations. The creatinine adjustment reduced the intra-individual difference from 48% to 38% in coke-workers and from 54% to 46% in non-coke workers. The adjustment reduced the intra-individual difference from 40% to 30% and from 62% to 55% for the winter and the summer/fall seasons, respectively (see Table 3 ).
We also analyzed the degree of agreement between the first morning and 24-h urinary 1-OHP using a Bland-Altman plot (Figure 1) . The plot showed a high degree of agreement with 96% of samples within the limits of agreement as determined by two standard deviations (SD). In total, eight out of 193 data points were outside of±2SD. Three data points for the non-coke workers were outside this agreement range, with two data points showing higher concentrations in 24-h urines. Five coke workers were outside the agreement Table 3 . Intra-individual difference between the first morning and 24-h urine voids in urinary 1-OHP (ng/ml) and creatinine-adjusted 1-OHP (mmol/mol). range, four of whom had 1-OHP concentrations higher in the first morning urines.
Linear Regression Analyses
The Spearman correlation matrix shows a strong correlation between first-morning and 24-h average 1-OHP concentrations using the pooled data (r ¼ 0.76, 95% CI ¼ 0.70B0.82) (Figure 2 ). Table 4 shows results from the linear regression models evaluating the predictability of first-morning urinary 1-OHP concentration for 24-h average concentration. Work environment and seasonal effects were observed in the relationship between the first morning and 24-h urinary 1-OHP concentrations. Among the 50 coke workers, 22% of the total variance for 24-h 1-OHP concentration was explained by first morning urine. The linear regression model resulted in a significant regression coefficient of 0.48 (95% CI ¼ 0.28B0.35). When examining the effect of season on the association between 24-h and first morning 1-OHP concentrations, we found that total variance explanation by first morning urine in winter was higher than that in summer. The effect of sex was not found to influence the relationship between 1-OHP in first morning and 24-h urines.
In the non-coke workers, first morning urinary 1-OHP concentrations only contributed 7% of the total variance for 24-h urinary 1-OHP concentrations. The regression coefficient for 1-OHP in 24-h urine regressed on 1-OHP in first morning urine was 0.36 (95% CI ¼ 0.09B0.62). The concentration of 1-OHP in the first morning urine in winter was only a significant predictor for the concentration of 1-OHP in the 24-h samples (Table 4) . Sex was not a significant effect on the association between 1-OHP concentration between first morning and 24-h urine voids.
For inter-individual comparisons, regression coefficients using creatinine-adjusted concentrations were not significantly different from those using the unadjusted concentration data. However, total variances for 24-h urine explained by the first morning urine were increased by approximately 16% in coke workers (Table 4 ). In non-coke workers, total variance for creatinine adjusted 24-h urine was not improved compared with creatinine unadjusted regression models.
Discussion
In the present analysis, we observed an intra-individual difference between 1-OHP concentration in first morning urine and 1-OHP concentration in 24-h urine voids for coke workers and non-coke workers. First morning urinary 1-OHP concentrations were 51% and 42% higher than 24-h urinary 1-OHP concentrations for unadjusted and creatinine-adjusted concentrations, respectively. This was consistent with the general thought that urine from a first morning void is more concentrated (Que Hee, 1993 ). We could not find previous work addressing intra-individual differences between first-morning and 24-h average urinary concentrations for 1-OHP, but there appear to be published studies reporting intra-individual concentration differences for other urinary metabolites within a day. Kissel et al. (2005) reported that the percent deviations from weighted daily average urines ranged from 37% to 63% for metabolites of various organophosphorus pesticides in first morning urine samples. Scher et al. (2007) examined the ratio between first morning voids and 24-h urine samples for chlorpyrifos from farmers and their children. The authors reported that GM of the ratio ranged from 1.1 to 1.7. Previous measurements of coke workers showed that intraindividual variations varied from 14% to 41% using 24-h urine samples during four consecutive days (Grimmer et al., 1993) . Ovrebø et al. (1995) studied intra-individual variations in aluminum workers during 2.5 years. The authors found that more than half of the workers had CV o50%. In our study, we found that two-thirds of subjects had CV o50%. Siwinska et al. (1998) measured the first morning urinary 1-OHP concentrations during six consecutive days. They reported more than half of the subjects had CV450% for intra-individual variations.
We found a positive association between first morning and 24-h urinary 1-OHP concentrations. Urinary 1-OHP concentration of 1 ng/ml in the first morning void was equivalent to 0.5 ng/ml in the 24-h composite urine. First morning urines explained 22% and 7% of total variances in 24-h urine voids for coke workers and non-coke workers, respectively. Although preceding inhalation exposure in work place has a positive effect on urinary 1-OHP (McClean et al., 2004) , it is likely that these two specimens did not reflect the same exposure scenario. The first morning urines mainly represents the metabolism that has taken place during the night while the 24-h composite urine also includes urine collected in closer vicinity to the exposure known to have occurred.
Associations in winter for both coke workers and noncoke workers were stronger than that in summer; and the predictability of first-morning 1-OHP concentration for 24-h average 1-OHP concentration was not demonstrated in summer for non-coke worker subjects. The lack of association may be attributable to several factors. One possible explanation is the relatively narrow range of 1-OHP concentrations across these subjects. The narrow ranges of urinary 1-OHP concentration for both types of urine samples may prevent a meaningful analysis of the association. Another explanation is that no linear association may exist at concentrations that are close to ''background'' values. Sex was not a significant predictor between first morning urine and 24-h composite urine. The fact may relate to high variability in 1-OHP excretion rate among female compared with male. In addition, the relatively small number of subjects evaluated or the statistical methods used may account for the inability to detect significant effect of sex in urinary 1-OHP levels in present study.
Urinary creatinine concentrations were commonly used to adjust dilution in spot urine samples and to determine whether a spot urine sample is valid. Ninety-seven percent of collected urine samples were valid in this study. The portion of invalid samples was small compared with a previous study that the rate of outside the criteria range was approximately 13%, measured in mostly workers (Viau et al., 2004) .
The use of creatinine adjustment underlies the assumption that creatinine excretion is proportional to the excretion of an analyte (e.g., 1-OHP) at corresponding time intervals. However, it has been argued due to intra-and interindividual variations in the excretion of creatinine (Boeninger et al., 1993; Hines et al., 2003) . In addition, creatinine adjustment for urinary 1-OHP concentration were controversial, since some studies showed little effect of creatinine adjustment on the relationship between airborne pyrene and urinary 1-OHP (Levin et al., 1995; Kuljukka et al., 1997) . Other researchers have also reported large variation in creatinine excretion in people Kissel et al., 2005) . Our results showed that creatinine adjustment reduced variability of 1-OHP concentrations between the first morning and 24-h urine voids (7% to 10% decrease in intra-individual difference). The findings in this study may be explained by the parallelism between the urinary excretion of 1-OHP and creatinine, as suggested by Viau et al. (2004) that creatinine adjustment may be useful when the metabolite urinary excretion kinetics parallels that of creatinine. The effect of creatinine adjustment did not appear to significantly improve correlations between first morning and 24-h 1-OHP concentrations across all the subjects of this study. Hinwood et al. (2002) investigated the effect of creatinine adjustment for urinary inorganic arsenic concentrations. They concluded that there was little benefit in adjusting with creatinine for urinary inorganic arsenic concentrations. The correlation coefficient for unadjusted spot and unadjusted 24-h urinary inorganic arsenic concentrations was 0.65 but that for adjusted spot and adjusted 24-h urinary inorganic arsenic concentrations was 0.64. Results from our study supported their findings that creatinine adjustment did not significantly improve the degree of agreement, or the correlation between 1-OHP in first morning urines and in 24-h urines. However, the adjustment appeared to reduce deviations between first morning measurements and 24-h average concentrations. In addition, we found that creatinine adjustments increased total variances for 24-hr urines explained by first morning urines in coke workers.
Our data are limited to first morning urine and 24-h composite urine. We did not measure 1-OHP concentrations in multiple spot urine samples within a day and during several days. No concentration data were available on the individual urine samples that were combined to form the 24-h void specimen. Thus, the variability and creatinine adjustment effect among repeated spot urine samples are unknown and could not be examined with the data from the present study.
In conclusion, first morning urine 1-OHP was substantially correlated with 24-h urinary 1-OHP and appears to discriminate occupationally exposed workers from those not so exposed. Creatinine adjustments of 1-OHP concentrations reduced the intra-individual difference between first morning and 24-h composite urine measurements by approximately 10% but did not significantly improve overall correlations between the two measurements.
